Until recently, biodegradation of synthetic polymers had been assessed either by plate tests, with visual evaluation, or by observations on changes in physical characteristics of plastics placed into soil or aquatic systems (9, 13) . The physical characteristics, such as hardness or tensile strength, may relate to shifts in conformation or bond breakage at vulnerable regions of macromolecules but do not necessarily provide evidence for biodegradation which would lead to assimilation and respiration. Similarly, the plating assays do not provide direct evidence for metabolic involvement. Neither type of assay is sufficiently sensitive to detect chemical decomposition processes which may be occurring at a very slow rate.
More recently, '4C-labeled plastics have been synthesized to study their degradation (1, 6) and provide sensitivity better than 0.001%. Guillet et al. (6) studied the biodegradation of '4C-labeled polystyrene in soil before and after photodegradation. Tsuchii et al. (16) The polymers were offered to the earthworms on 1.5 g of horse manue, to the isopod and millipede on a section (2 by 2 cm) of decayed box elder leaf (Acer negundo) and to the slugs and snail on a piece (2 by 2 cm) of lettuce (Lactuca sativa). These quantities of food and polymer were consumed within week 1 oftesting.
Mixed microbial systems in the form of soils, manures, decaying plastics, and garbage were obtained locally and used fresh. Activated and anaerobic sludges were obtained from the Limestone-Meadowbrook and Ley Creek Wastewater Treatment Plants, Onondaga County, N.Y., and from the pulp sludge from a paper mill, respectively. Samples weighing 10 g were tested in 125-ml flasks containing 0.045 ,uCi of one of the polymers, with and without 100 g of cellulose and 10 ml of salts solution adjusted to pH 7.0. The salts solution consisted of 1.0 g of K2HPO4, 1.0 g of KH2PO4, 0.1 g of MgSO4, 0.1 g of NaCl, and 3.0 g of NH4H2PO in 1 liter of tap water. A new supply of cellulose and salts was added every 4 weeks during the 11-week test period. Flasks were flooded with 5 N H2SO4 to release residual "4CO2 into the traps at the end of the experiment.
Phenol formaldehyde (0.0027 ACi/mg) was synthesized from "4C-ring-labeled phenol (purchased from Amersham, Arlington Heights, Ill.) with formaldehyde in a stepwise polymerization reaction (15 Invertebrates. Neither the eight soil invertebrates nor the microbes egested by them in their fecal pellets were able to degrade any of the polymers. Soil invertebrates are also unable to degrade lignin (12) .
Mixed microbial communities. During 11 weeks in silt loam, cow manure, activated sludge, or decaying plastics (a mixture of plastics and adhering debris in various stages of decomposition collected from fields) or 5 weeks in anaerobic sludge, pulp mill sludge, horse manure, garbage, garden soil, or farm soil, all three polymers were highly recalcitrant to biological decay. Figure 1 presents data on the decomposition of polystyrene in the silt loam and in activated sludge from the aeration tanks. In the different microbial systems, total decomposition of the polymers during 5 or 11 weeks ranged from 0.04 to 0.57%, 0 to 0.15%, and 0 to 0.15% for polystyrene, phenol formaldehyde, and poly(methyl methacrylate), respectively.
It is clear that all three polymers are highly recalcitrant to biological decay. Polystyrene appeared to be destroyed most rapidly, but even here (Fig. 1 ) the trivial percentage decomposed in any system, together with the decomposition kinetics of a rapid early output of "4CO2 followed by virtual cessation of activity despite periodic renewal of nutrients, suggests that only oligomeric residues or trace impurities were destroyed. Guillet et al. (6) also found virtually no biodegradation of polystyrene and less than 0.01% 14CO2 during 8 weeks in garden soil. Rates and total quantities of 14CO2 production from poly(methyl methacrylate) and phenol formaldehyde in this study were even lower than for polystyrene. Albertsson (17) , and the enzymatic activity of cellulose (18) , like that of chitinase (10) , is measurable by chemical rather than more sensitive radiochemical procedures in hours instead of weeks or months.
The results of this study, in which numerous heterogeneous microbial communities failed to effect biodegradation of the plastics tested, suggest that the evolution of the required biochemical catalysts within these microbial communities has not yet developed. LITERATURE CITED
